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A.  STATEMENT  OF  THE  PROBLEM  STUDIED 


The  overall  objective  of  this  research  is  to  identify  and  control  the  basic 
physical  mechanisms  responsible  for  light  emission  in  synthesized  semiconductor 
and  dielectric  materials.  Investigations  are  to  be  performed  in  order  to  develop 
new  device  concepts  and  provoke  new  ideas  for  optoelectronic  applications. 
Specifically  this  research  involves:  1)  analyzing  the  physical  origin  of  light 
emission  from  nanometer-size  semiconductor  particles;  2)  studying  the  light 
emission  of  rare  earth  dopants  in  semiconductors  and  dielectrics  and;  3) 
determining  the  feasibility  of  developing  light  emitting  devices  based  upon  the 
novel  properties  of  such  materials. 


B.  SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 

a)  Light  Emission  from  Silicon  Nanoparticles: 

Light  emission  characteristics  from  silicon  nanoparticles  consisting 
of  a  crystalline  core  encased  in  an  amorphous  oxide  shell  are  presented.  The 
particles  were  thermally  oxidized  in  the  open  atmosphere  at  800  °C  for  times 
from  5  to  160  minutes  in  order  to  decrease  the  Si  core  dimensions. 
Photoluminescence  spectra,  at  low  excitation  levels,  reveal  that  the  light 
emission  shifts  to  shorter  wavelengths  as  the  oxidation  time  is  increased.  At 
high  excitation  levels,  photoluminescence  spectra  show  little  or  no  shift. 
These  results  indicate  that  there  are  at  least  two  mechanisms  involved  with 
light  emission  from  Si  nanoparticles,  one  associated  with  quantum  size 
effects  and  another  which  is  independent  of  size  distribution. 

b)  Light  Generation  and  Waveguiding  In  Er  Doped  GaN  Epilayers: 
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We  reported  on  some  of  the  first  observations  of  infrared  light 
generation  of  Er  atoms  incorporated  in  GaN  epilayers.  The  Er  atoms  were 
introduced  into  the  epilayers  either  by  ion-implantation  or  during  epitaxial 
growth.  For  the  ion-implanted  epilayers,  there  was  additional  implantation 
of  oxygen  followed  by  annealing  at  650  or  700  °C.  The  epilayers  were 
optically  excited  using  an  argon- ion  laser  emitting  at  a  wavelength  of  457.9 
|im  and  infrared  spectra  were  measured  at  6,  77  and  300  K.  The  spectra  are 
centered  at  1.54  p,m  and  display  many  of  the  allowed  transitions  between 
levels  of  the  manifold  and  the  ground  state  manifold  typical  of  the 
Er^"^  configuration.  The  luminescence  is  nearly  as  intense  at  room 
temperature  as  it  is  at  77  K.  This  result  is  consistent  with  experiments 
indicating  that  wide  bandgap  materials,  such  as  GaN  (~3.4  eV),  tend  to 
suppress  the  temperature  dependence  of  the  Er  luminescence.  Preliminary 
designs  for  waveguiding  structures  of  1.54  pm  light  in  the  GaN  epilayers  are 
also  being  investigated. 
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